Objective: Although frequently utilized, an exercise electrocardiogram (ECG) provides limited diagnostic accuracy in patients with atypical angina pectoris. The purpose of this study was to determine the possible incremental value of pretest probability (PTP) scores and exercise parameters in discriminating coronary artery disease (CAD) and to identify PTP cutoff values.
A n exercise electrocardiogram (ECG) is the preferred initial method to evaluate ischemic chest pain. Although it provides a noninvasive, low-cost, and rapid method of assessment, its diagnostic accuracy is limited, especially in patients with atypical angina. The overall sensitivity and specificity of an exercise ECG is 68% and 77%, respectively. [1, 2] Yet patient characteristics or the pretest probability (PTP) may also influence the test results and interpretation. A positive exercise ECG result is a challenge for the interpreter and may not always translate into the presence of significant coronary artery disease (CAD) in patients with a relatively low risk profile.
More than 3 decades ago, Diamond and Forrester [3] developed a simple method of predicting exercise ECG PTP to avoid the confusion of false negative (FN) test results in high-risk individuals and false positive (FP) test results in low risk individuals. In 2011, this score was revised by the CAD Consortium Group, which developed a basic model to calculate the PTP of patients in an effort to minimize errors in the diagnosis of CAD. [4] The current European Society of Cardiology guidelines support the use of the basic PTP score for risk stratification. [5] This score, however, was recently updated by the same group, incorporating cardiovascular risk factors, such as diabetes, hypertension, hyperlipidemia, and smoking into the basic model, to produce the advanced clinical model. [6] Yet, the accuracy of this novel, advanced clinical PTP score and the cutoff values among lowintermediate or high-risk patients are not well-defined.
Although variables of exercise capacity, heart rate (HR) and blood pressure (BP) responses provide valuable information for prognosis, the magnitude of ST depression is the primary criterion for the diagnosis of ischemia on an exercise ECG. [1, 2] However, the sensitivity and specificity of ST segment evaluation in an exercise ECG are low. [7] Numerous studies have addressed the utility of different parameters beyond ST depression, but no consistent improvement in diagnostic accuracy has yet been demonstrated. [5, 8] Exercise-induced ST segment depression leading to a FP test result is a particular concern in patients with a low-intermediate PTP and in women. [9] [10] [11] Therefore, subjects presenting with atypical angina and a non-high PTP of CAD represent the gray zone in the interpretation of an exercise ECG. In this study population, the possible incremental value of integrating exercise parameters related to HR and BP, PTP score, and ST segment changes to improve diagnostic yield and the positive predictive value of an exercise ECG was evaluated.
METHODS
A cohort of 207 patients (131 men and 76 women; mean age 57.6±8.2 years) who presented with atypical angina pectoris and underwent coronary angiography (CAG) after a positive exercise ECG was retrospectively evaluated. Patients with known CAD, prior stent or coronary artery bypass grafting, or with an acute coronary syndrome or congestive heart failure were excluded from the study. Patients with an uninterpretable baseline ECG, and those with resting ST segment abnormalities, such as an ST segment depression (≥0.1 mV), complete bundle branch block, left anterior or posterior hemiblock, preexcitation, digoxin use, or ventricular paced rhythm were also excluded. The patients' descriptions of the chest pain were obtained from the medical records and pain suggestive of ischemic origin was classified as typical, atypical, and nonspecific, as outlined in previous guidelines. [1, 5] Only patients with atypical chest pain symptoms that included 2 of the 3 following components were enrolled in the study: Substernal chest discomfort of characteristic quality and duration, provoked by exercise or emotional stress, and relieved by rest or nitrates. Patient characteristics of age, gender, height, weight, and cardiovascular risk factors of hypertension, diabetes mellitus (DM), hyperlipidemia, current smoking, and family history were recorded. Body mass index (BMI, kg/m 2 ) was calculated as weight divided by height squared. Hypertension was defined as either a systolic BP ≥140 mm Hg and/or diastolic BP ≥90 mm Hg, or antihypertensive use. DM was determined by antidiabetic medication use or prior physician diagnosis. Hyperlipidemia was diagnosed as defined by the current guidelines. [12] These data were used to calculate individual PTPs according to the 2 CAD Consortium models. The basic model suggests the use of age, gender, and type of chest pain data to construct the basic probability, while the clinical [6] Obstructive CAD was determined based on CAG results demonstrating a diameter narrowing of ≥50% in an epicardial coronary artery.
Exercise electrocardiogram and exercise parameters
A treadmill exercise test using the Bruce protocol was scheduled for patients presenting with chest pain at the physician's discretion. Data related to age, gender, height, weight, and cardiovascular risk factors, as well as a description of the chest pain were recorded for every patient prior to the exercise ECG. For the purpose of the study, the exercise ECG recordings were retrospectively analyzed by a doctor blinded to the CAG results. The total duration of exercise, the metabolic equivalents (METs) achieved by the patient, and BP and HR changes during exercise and recovery were recorded in detail. An index of maximal predicted HR was derived from the ratio of maximal HR to that of age-predicted maximal HR (220-age). HR reserve, the increase in HR with exercise, was calculated as peak HR minus resting HR. HR recovery, which is the response of HR after the cessation of exercise, was calculated as HR at peak exercise minus HR at 1 minute after cessation of exercise. [13] The chronotropic index, the index of maximal predicted HR reserve, was determined by the formula: HR at peak exercise-resting HR/([220-age]-resting HR). Similarly, BP reserve was defined as peak systolic BP-resting systolic BP. BP recovery was defined as the ratio of systolic BP at the third minute of recovery to systolic BP at peak exercise. A ratio of <0.9 is considered abnormal BP recovery. [14] A Duke Treadmill Score was calculated for each patient as exercise time in minutes -5x (ST segment deviation in mm) -4x (angina index), in which the angina index is 0 if there is no angina, 1 if angina is present, and 2 if angina stops the exercise. [15] The ratio of ST segment to HR index (ST/HR) provided an adjustment of ST segment to the HR. We also calculated the maximal ST segment deviation to change in BP to determine a ST to BP ratio.
An exercise ECG test was interpreted as ischemic, or positive, if a horizontal or down-sloping ST segment depression of ≥1 mm or elevation of at least 60-80 milliseconds was observed after the J point, or if ischemic chest pain occurred. [1] The CAG was carried out using the standard protocol and the patients were classified as having either a TP or FP test result, depending on the existence of a diameter stenosis of ≥50%.
Statistical analysis
IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA) and MedCalc software (MedCalc Software, Ostend, Belgium) were used for the statistical analysis. Continuous variables were expressed either as mean±SD or as mean (min-max), while categorical variables were expressed as a number (percentage). The variables were tested for normality of distribution using the Kolmogorov-Smirnov test. The TP and FP patient groups were compared using an independent samples t-test for normally distributed variables, and the Mann-Whitney U test for variables without normal distribution. The categorical variables were compared with a chi square test. Pearson's chi square test was used when the expected frequencies in the 2x2 contingency tables were >25, a continuity correction chi square was used when the expected frequencies were between 5 and 25, and Fisher's exact test was used when the expected frequency was <5. Receiver operating curves for basic and advanced clinical PTP scores were constructed and areas under the curve (AUC) were calculated with MedCalc software. With a TP result as the dependent variable, multivariate logistic regression analysis was conducted and all variables with a p value <0.25 were included in the model using the backward logistic regression method. Age, gender, hypertension, DM, hyperlipidemia, BMI, basic PTP score, clinical PTP score, exercise duration, maximal METs, maximal BP, HR reserve, BP reserve, chronotropic index, resting BP, HR recovery, maximal ST deviation, BP recovery, and ST/HR index were the possible variables that were included in the model to determine the predictors of TP results. A p value of <0.05 was considered significant.
RESULTS
A total of 207 patients with atypical angina pectoris and a positive exercise ECG were enrolled in the study. The mean age of the study population was 57.6±8.2 years. In 79 of 207 patients, the CAG revealed obstructive CAD, yielding a positive predictive value of the exercise ECG of 38.2%. The demographic characteristics and exercise ECG parameters of patients with respect to CAG results are shown in Gender has a substantial influence on the results of an exercise ECG. Therefore, the impact of this variable on the predictive value of an exercise ECG was analyzed in separate subgroups of female der (Table 2 ). Of cardiovascular risk factors, older age and the presence of hypertension and DM were associated with TP test results only in men, while hyperlipidemia was associated with TP test results only in women. Men who could exercise for a shorter dup=0.015), but the groups were otherwise similar in terms of the prevalence of hypertension, DM, hyperlipidemia, current smoking, and family history. Next, the association of exercise variables between the TP and the FP groups was compared stratified by gen- phasize the role of considering PTP before proceeding to diagnostic testing. [5, 16] The CAD Consortium's basic score is used as surrogate model of estimating PTP in the 2012 European Society of Cardiology Guidelines for the management of stable angina pectoris and further diagnostic testing is recommended for those in the intermediate risk category (15-85%) . [5] Previous guidelines of the American College of Cardiology had supported the same approach, but proposed a different PTP model and different cutoff numbers for intermediate risk patients. [16] In our study, all of the patients had a PTP score below 85%.
The prevalence of obstructive CAD, and thus the positive predictive value of the exercise ECG in our study population with atypical angina pectoris was 38.4%. In this study, the inclusion of mostly intermediate risk patients with a lower cardiovascular risk profile and atypical angina pectoris explains the low rate of obstructive CAD. In the CONFIRM study (Clinical Outcomes: An International Multicenter Registry), which examined suspected CAD and coronary stenosis using coronary computed tomographic angiography (CTA), researchers reported a prevalence as low as 23% in men and 13% in women with atypical angina pectoris. [17] Interestingly, the prevalence of CAD in patients with nonanginal chest pain or patients without symptoms was greater than expected in this study, blurring a clear distinction between the low and intermediate risk groups. [17] Evidence from the Partners Registry suggests that the advanced clinical CAD Consortium score, in which clinical risk factors like hypertension, DM, hyperlipidemia, and smoking status are added to the basic model, is more accurate to predict CTA-proven significant CAD. [18] With invasive CAG, the gold standard method of CAD evaluation, we have also shown that the advanced clinical PTP score is better than the basic score in predicting CAD. Moreover, we have demonstrated that the advanced clinical PTP score was the only parameter significantly associated with a TP test (CAD) in multivariate logistic regression analysis in both men and women.
Identifying CAD in women with chest pain is a challenge. [19] Although the prevalence of CAD is lower in women than in men, the CAD mortality is higher in women. [20] It is interesting that in our study population there was a weaker association between cardiovascular risk factors with the prevalence of CAD and ration and fewer METs, and who had a greater ST deviation when indexed to HR (higher ST/HR ratio), had more TP exercise ECG results. In women, the BP recovery ratio tended to be higher (i.e., BP recovery was slower), than in men who had TP test results. The parameters that were associated with a TP exercise ECG in both males and females were basic and clinical probability scores for CAD as determined by the CAD Consortium formulae and a lower chronotropic index.
Between the 2 scores used to estimate PTP, the advanced clinical score could discriminate obstructive CAD better than the basic score (AUC: 0.750, 95% confidence interval [CI]=0.686-0.808; p<0.001 for the basic model and AUC: 0.790, 95% CI=0.728-0.843; p<0.001 for the advanced clinical model) (Fig. 1) . Table  3 illustrates the sensitivity and specificity of different cutoff values of PTP scores indicating that a basic score of >18 had a 71% sensitivity and 73% specificity to determine a TP test result, while an advanced clinical score of >21 had a 75% sensitivity and 70% specificity to determine a TP test result. Logistic regression analysis also revealed that the advanced clinical PTP was the only variable to independently predict a TP test result (OR: 1.086; 95% CI 1.059-1.114; p<0.001) ( Table 4) .
DISCUSSION
This study, in which all subjects had a PTP score <85%, has several implications for clinical practice: (1) It provides insights into the role of an exercise ECG in patients with atypical angina and a low to intermediate risk profile, especially in women; (2) it reveals that the clinical PTP model constructed by the CAD Consortium performs better in discriminating CAD than basic model; (3) it provides discriminatory cutoff values of 18 and 21 for the basic and clinical CAD scores, respectively; (4) it allows us to demonstrate and compare the predictive role of variables associated with HR and BP in conjunction with ST segment deviation.
An exercise ECG provides invaluable data for both the diagnosis of CAD and the prognosis of patients evaluated for chest pain. Its major drawback is decreased diagnostic accuracy in patients with a lower cardiovascular risk burden and in women. Consequently, the current guidelines recommend an individualized approach to patients with chest pain and em-chronotropic index are the most helpful tools in discriminating patients with CAD from FP exercise ECG results, even in patients with atypical angina pectoris. This may assist in clinical decision-making.
predicting outcomes in women. The mean age of the women in our study was 55.6±7.5 years, which represents the peri-menopausal period. The prevalence of CAD rises steeply with age after menopause and the inclusion of younger women may have diluted this effect. Nevertheless, advanced clinical CAD score could still detect CAD in women.
In this study, we also evaluated and compared the effect of hemodynamic responses in the predictive value of an exercise ECG. An abnormal HR response to exercise was expressed as chronotropic index, HR reserve, and HR recovery, all of which have previously been shown by individual studies to be associated with TP results. We demonstrated that chronotropic index, a measure of chronotropic incompetence, was associated with TP results, irrespective of gender. An appropriate decrease in HR after the cessation of exercise is related to parasympathetic tone and is known to be associated with decreased mortality. [21] Similarly, an attenuated HR response is associated with CAD. [22] An abnormal BP response was expressed as maximal BP, BP reserve, and BP recovery ratio. The maximal BP was significantly higher in patients with CAD and the BP recovery was impaired. Of electrocardiographic changes, an ST segment deviation was more pronounced and the index of ST deviation to HR was significantly higher in the TP group. The superior diagnostic capability of the ST segment/HR index has previously been established. [23] The subgroup analysis of these parameters in male and female patients revealed that, among these variables, only the chronotropic index was consistently associated with a TP test in both genders.
The main limitation of this study is its retrospective design, the small number of study participants, and the involvement of women who were younger than the men. Gender is an important cardiovascular risk factor; however, different cutoff values for each gender were not set since gender consideration is included in the calculation of PTP score.
Conclusion
During the evaluation of angina pectoris, one has to consider the balance between effective utilization of resources and accuracy in diagnosis. Our study has demonstrated that, among the various electrocardiographic and hemodynamic parameters, the clinical PTP score of the CAD Consortium and the
